This paper aims to quantify the performance of the Czech regional labour markets and to reveal the most influential economic factors standing behind its dynamics in the last fifteen years. Investigated labour markets are described using matching function approach. The successful matches are treated as an output of production process, where the unemployed are paired with vacancies. Efficiency of this matching process plays an important role in determining unemployment outflows. Using stochastic frontier model approach, dynamics of quantified efficiency terms is revealed and differences among regions are evaluated. The model specification includes a fixed effect term, where individual effect terms and inefficiency terms are estimated jointly. The stochastic frontier is estimated using monthly and quarterly regional panel data of 77 districts for the period 1999-2014. Matching efficiency of the Czech regional labour markets is negatively influenced people who have been unemployed for a long time and by the unemployed aged over 50 years. Although all districts were able to operate at their stochastic frontiers of matching, an upward trend in the inefficiency has been found within the investigated period. These tendencies are accompanied by rising disparities among the regions. Low levels of estimated matching inefficiency do not necessary mean the low unemployment in the corresponding districts.
Introduction
Labour market in the Czech Republic has experienced significant changes in the last fifteen years. General unemployment rate of people from 15 to 64 years of age, which is published by the Czech statistical office, reached 7.9 percent in January 1999, and 6 percent at the end of November 2014. During this period, one could observe the unemployment rate of 4.3 percent in the months of 2008 or 9.3 percent in 2000. Of course, the most important part of this variability may be explained by business cycles. But on the other hand, strong disparities have appeared in unemployment rates of the Czech regions and districts in this period. As an illustration, let us take a look at regional statistics provided by the Czech Ministry of Labour and Social Affairs. In 2005, the average unemployment rate (computed as a ratio of the unemployed to the population of people from 15 to 64 years of age) in the Czech Republic was 6.59 percent but the regional unemployment rates were 2.64 percent in Praha, 3.85 percent in Beroun, 5.37 percent in the district of Domažlice, 10.3 percent in Hodonín, and 16.49 percent in Most. In the year 2013, unemployment rates of 5.14 percent in Praha, 6.78 percent in Beroun, 6.42 percent in Domažlice, 11.81 percent in Hodonín, and finally, 13.51 percent in Most, can be observed. The average unemployment rate in the Czech Republic was 8.17 percent in 2013. The differences in regional unemployment rates are evident. Moreover, the relative distance in the unemployment measures have been changing as well.
How to explain the differences in regional unemployment rates in the Czech Republic? The answer to this question may be connected to the problem of efficiency of labour markets. Labour market efficiency is one of the most important factors influencing labour market dynamics and its performance. There are many approaches of how to deal with the 'efficiency' concept. Most of them are based on the matching function framework. In this framework, successful labour market matches are treated as an outcome of interactions between unemployed job seeker and vacancies.
The main goal of this article is to quantify the inefficiency of the Czech regional labour markets and to evaluate its development in the last 15 years. Finding the main sources standing behind the regional disparities in efficiency is one of the highly relevant tasks in labour market analysis that allow us to answer many important questions: Are labour markets with higher average unemployment rate less efficient than those with low unemployment rate? What are the effects of unemployment benefits, age structure of unemployed and the length of unemployment on the efficiency? What about the impact of overall economic growth on the labour markets performance?
All the questions mentioned previously may be answered using the estimates of the matching efficiency of the Czech regional labour market. The degree of efficiency, or inefficiency, to be more precise, is estimated using the stochastic frontier panel data model approach with monthly district-level regional data and explicitly treated fixed effects term in the matching function model equation. On the one hand, this approach extends the previous investigations of the efficiency of the Czech labour market carried out by Němec (2013a) , Němec (2013b) or by Tvrdoň and Verner (2012) . Their results have been based on aggregate labour market statistics. On the other hand, using the data from monthly regional labour market statistics and stochastic frontier panel data model methodology offers a new insight into the outcomes of the Czech labour market in the last 15 years, and extends the detailed analysis of Galuščák and Münich (2007) in a specific way -by dealing with efficiency issues.
Stochastic frontier model approach has been used by Ilmakunnas and Pesola (2003) in their study of regional labour markets in Finland. They used annual data and did not take into account explicitly possible individual fixed effects of the examined regions. Gorter et al. (1997) investigated the efficiency in the Dutch labour market in the Netherlands along the same lines. They observed that the estimated labour market efficiency increases during recession and recovery periods and decreases during economic booms. This interesting feature is considered in this article as well.
The main contribution of this article consists in quantification of inefficiency of the Czech regional labour, evaluating its changes in the last 15 years, and in identification of the main sources of estimated inefficiency disparities among the regions. Using the stochastic frontier model approach, the districts are classified regarding their inefficiency patterns. Matching function parameters and the inefficiency terms are estimated jointly. Inefficiency terms are treated as a function of district specific labour markets factors and common economic factors (like overall economic activity). Robustness of results is checked using the models with monthly and quarterly regional panel data from 1999 to 2014 and providing the estimates on the full sample and the samples covering the periods before and after the economic slowdown starting in 2008.
The structure of this article is as follows: the first section gives a short overview of matching function approach to analyse labour market dynamics. It provides a short introduction to efficiency analysis as well. Stochastic frontier model with individual effects is explained in more detail in the second part of this article. The third part contains data description and methodology of model estimates. The models are then estimated in the fourth part of the paper and the results are interpreted. The final section concludes.
Matching Efficiency of the Regional Labour Markets
The matching function expresses the interaction mechanism between the unemployed and vacancies. This concept is based on the fact that both the flows of unemployed and the flows of unfilled job vacancies are able to meet each other. The matching function can be thus viewed as a standard production function with two inputs: the unemployed and the vacancies. New matches are an outcome of this matching process. In this contribution, the regional labour markets are represented by a Cobb-Douglas matching function in log-linear form:
where the subscripts = 1, … , denote the districts and = 1, … , represents the time period. Parameters are treated as the district specific fixed effects. The term is a stochastic factor discussed below. The number of successful matches, , is influenced by the number of unemployed, , and by the number of unfilled vacancies, . Parameters and denote the matching elasticity of unemployed and matching elasticity of vacancies respectively.
Due to the fact that the matching function can be perceived as a production function, we are able to measure the efficiency of this production process. We can suppose that the firms (or production units) maximise the output for a given level of inputs and available production technology. Any deviations from the optimal production may thus indicate inefficiency in the production process. The empirical problem is how to estimate the production frontiers and the possible inefficiency given observable data. In general, frontier analysis follows the idea that there exists a function mapping inputs and outputs resulting to the set of all optimal production plans. We can denote them as the production possibility frontier. After estimating it we could evaluate the inefficiency as the deviations of observable production from the potential level.
Treating the production possibility frontier as a deterministic frontier is connected with data envelopment analysis or free disposable hull technique. There is no possibility of observations exceeding the frontier (efficiency above 100 percent). These nonparametric techniques are not robust with regards to the outliers. On the other hand, stochastic frontier analysis is one of the stochastic parametric methods allowing the presence of super-efficient observations. It is thus robust to outliers. Using stochastic frontier analysis (model), we try to find the highest achievable level of production where most of observations may be found below the estimated production frontier. Estimated differences are thus the corresponding technical inefficiency terms.
The aforementioned form of matching function in the equation (1) may be extended and modified in many ways. Ilmakunnas and Pesola (2003) implemented regional and labour force characteristics directly into the matching function by the means of other explanatory variables. The resulting efficiency was thus a linear function of regional fixed effects and various regional characteristics. In their view, the term was treated purely as white noise process. Similar approach may be found in the work of Gorter et al. (1997) . Galuščák and Münich (2007) enhanced the basic matching function form by the flow factors (i.e. unemployment and vacancy inflows realized during the time period).
Stochastic frontier model approach tries to model the stochastic term as consisting of combination of random variations in the matching process and the region specific inefficiency term. Regional and labour force characteristics are then implemented directly into this inefficiency term. This approach was used by Ilmakunnas and Pesola (2003) . But they did not include the fixed (or random) region effects. In this paper, the inefficiency of the Czech regional labour market is estimated using fixed effect panel stochastic model. This model approach is able to capture region specific individual effects, basic matching function characteristics and time-varying regional inefficiency terms at once. Equation (1) could be enhanced by the time effect as well. But, incorporating the time-specific variables, which are common to all regions, might lead to some identification issues. Time-specific effect in the matching function cannot be distinguished easily from the time-specific factors incorporated into the inefficiency term. Time effects are used to control for business cycle dynamics. For these purposes, business cycle variables (like GDP growth or growth of industrial production) are implemented into the inefficiency term.
Stochastic Frontier Model with Panel Data
Panel data models are powerful tools to identify relationships among variables in cases where lack of observations for individual cross-sectional units does not allow obtaining efficient estimates of model parameters. Moreover, using panel data models, we are able to control unobservable individual heterogeneity in our sample.
Working with panel data structure is necessary in stochastic frontier models framework. It is really hard to estimate stochastic frontier within a model using the data for a single cross-sectional unit only. Unobservable individual effects thus play an important role in estimation of panel stochastic frontier model. In many applications, these individual effects may be connected to inefficiency term. All time-invariant individual heterogeneity across observed cross-sectional units is treated as a part of estimated inefficiency.
The pioneering work on stochastic frontier models (using the last mentioned approach) was written by Aigner et al. (1977) . After estimating stochastic frontier, it is possible to conditionally compute inefficiency terms on estimated residuals. These estimates may be used to determine the factors standing behind the inefficiency by the means of ordinary regression. Wang and Schmidt (2002) showed that this two-stage procedure leads to heavily biased results. As a consequence, it is crucial to estimate the stochastic frontier and the determinants of inefficiency simultaneously. Battese and Coelli (1993) specified a model where inefficiency determinants form a part of stochastic frontier model framework. Their framework assumes that all production units face the same production possibility frontier. Greene (2005) suggested an alternative approach where all time-invariant heterogeneity across production units was removed before estimating the stochastic frontier and the inefficiency factors. His approach was capable of correcting the likely overestimated inefficiency terms resulting from the methodology of Battese and Coelli (1993) . Amsler et al. (2009) offer a detailed review of the history and development of stochastic frontiers models.
In this article, we take advantage of an alternative approach that is used to remove cross-sectional heterogeneity from the estimates of inefficiency. Wang and Ho (2010) proposed a consistent methodology to deal with individual effects and efficiency terms separately. This approach is used in presented paper. Wang and Ho (2010) specify a stochastic frontier model as follows:
where = 1, … , and = 1, … , . In this model specification, is the individual fixed effect for the unit , is a 1 × 4 vector of explanatory variables, is a random error term with zero mean, " is a stochastic variable measuring inefficiency, and ℎ is a positive function of a 1 × 5 vector of non-stochastic determinants of inefficiency, . . Constant term is excluded from explanatory variables and from determinants of inefficiency. It should be noted that the notation Wang and Ho (2010) showed how to remove the fixed individual effect from the model. Their procedure allows estimating all the model parameters. Of course, the individual effect term may be recovered from the final parameter estimates. Wang and Ho (2010) presented two possible approaches to model transformation: first-differencing and within-transformation. Both methods are asymptotically equivalent, which was proven by Wang and Ho (2008) . First-differencing and within-transformation are standard methods used in panel models applications to remove individual effects before estimating the key model parameters. But, these approaches are more complicated in nonlinear models like stochastic frontier models.
The first-differencing approach is applied in the empirical part of this article. It may be thus useful to discuss this method in greater detail. As the first step, one first has to define differences of corresponding variables as Δ7 89 = 7 − 7 :; and the stacked (column) vector of Δ7 for given and = 2, … , as = > = (Δ7 ( , Δ7 ? , … , Δ7 @ ) A . Assuming that the function ℎ is not constant, i.e. the vector . contains at least one time-varying variable, the model in its first-difference form may be expressed as:
where = 1, … , . First-differencing procedure, described by the equations (8)- (12), leads to the correlations of differenced error terms in many applications of panel data models. As an example, one can consider the dynamic panel data model and ArrelanoBond estimator derived by Arellano and Bond (1991) . In the case of the firstdifferencing approach proposed by Wang and Ho (2010) , one can observe correlations of Δ within the th panel. Resulting covariance matrix of the multivariate normal distribution of
This ( − 1) × ( − 1) matrix has the elements 2& ' ( on the diagonal and −& ' ( on the off-diagonals. Knowing the exact form of the covariance matrix is essential for the efficiency of maximal likelihood estimates discussed later. Moreover, one does not have to use any kind robust covariance matrix to correct final estimates and their standard errors.
The main point of Wang and Ho (2010) is that the truncated normal distribution of the part of inefficiency term, " * , is not affected by this transformation. This fact allows us to derive the likelihood function of the model. To be more specific, the marginal loglikelihood function for the th cross-sectional unit is
where For practical purposes, one wishes to estimate observation-specific technical inefficiency. Wang and Ho (2010) approximated this kind of inefficiency as a conditional expectation c(" |D E ) evaluated at estimated values of D E :
where f(⋅) represents the density function of standard normal distribution. This estimator is a modified estimator of inefficiency terms which uses differenced error terms stacked into the vector Δ ̃ , instead of as the conditional term. The original estimator of inefficiency based on model residuals was derived by Jondrow et al. (1982) .
The main advantage of the modified approach to computing inefficiency lies in the fact that the vector D E contains all information of individual unit in the sample and does not depend on individual effect term, . Wang and Ho (2010) argue that the individual effect term has the variance of higher order in the case of small time dimension of the sample (variance of order 1/ ) in comparison to the variance of 1/(( − 1) ) for parameters estimator, i . The modified estimator of inefficiency is based on the parameter estimates i , and is thus more efficient than the standard one. Wang and Ho (2010) derived the expression for individual fixed effects terms. However, the modified version of inefficiency estimator does not contain the individual effect terms which can be thus omitted in practical applications. Technical efficiency may be obtained in accordance with other studies. Battese and Coelli (1993) and Battese and Coelli (1995) proposed the expression exp(−" ).
Data and Methodology
The stochastic frontier model of the Czech regional labour markets is estimated using the monthly and quarterly data set covering a sample of 77 districts from January 1999 to June 2014. When compared to models of other authors, the models proposed estimate inefficiency of the labour markets using "high" frequency data set. Galuščák and Mün-ich (2007) worked with quarterly Czech regional data only, Ilmakunnas and Pesola (2003) and Gorter et al. (1997) focused on annual data of regions in Finland and the Netherlands, respectively. The reason is that aggregation may lead to some loss of information. Moreover, proving the relationship among the variables using the monthly data should provide us with more efficient estimates.
The original labour market data come from the database of the Ministry of Labour and Social Affairs (MLSA). This database covers the monthly and quarterly data from regional Employment offices. In our empirical analysis, the models are estimated using three groups of data types. The first group covers the core data for matching function specification:
• Number of registered successful matches for each district in the corresponding month (source MLSA);
• Number of registered unemployed at the beginning of the month (source MLSA);
• Number of registered vacancies at the beginning of the month (source MLSA). The second group of the data represents the district specific labour market fundaments:
• Number of registered unemployed receiving the unemployment benefits in the corresponding month (source MLSA);
• Number of registered unemployed of age 50 and older in the corresponding quarter (source MLSA);
• Number of the registered unemployed who have been unemployed for more than 12 months in the corresponding quarter (source MLSA).
The third data group captures the overall economic conditions and economic activity in the Czech Republic:
• Index of industrial production (base year 2010 = 100, source Czech National Bank and International Financial Statistics);
• Quarterly real gross domestic product (source Czech National Bank). All the data are seasonally unadjusted. Seasonal pattern of the variables constitutes an integral part of the stochastic frontier model. Treating the seasonality as a source of inefficiency is in accordance with the econometric methodology advocated by Kalman (1979) . In his opinion, an adequate model should incorporate all behavioural aspects of the data. From this point of view, seasonal adjustment of the variables done by researcher outside model framework may be misleading and may influence the final results. Seasonal behaviour is removed by averaging using the final model estimates. In this way, one can obtain overall tendencies in inefficiency development.
Stochastic frontier models are estimated using monthly and quarterly data. Number of successful matches and number of vacancies are computed as monthly averages due to lack of quarterly counterparts of these statistics. Time series of the index of industrial production is based on index provided by the Czech National Bank. Only values starting in 2000 were available. The values for 1999 were thus computed using the industrial production index provided by International Monetary Fund in its International Financial Statistics.
All the district specific labour market variables are expressed relatively to the pool of unemployed people in the corresponding month or quarter. It means that ratios of these variables have been used. Models consist of quarterly dummies as well. The first quarter of the year is the basic quarter (category).
The estimates are carried out using the monthly and quarterly data. To be more specific, the models are formulated in accordance with the equations (2)- (7) for the model with quarterly data. The specification of inefficiency function ℎ does not contain time trend. Unlike the specification of inefficiency function ℎ proposed by Němec (2014a) and Němec (2014b) , no time trend is used and instead of that, regional labour market specifics are implemented. This approach should provide a more reliable and detailed view of the sources of labour market inefficiency. The model variables are denoted as follows:
• number of registered successful matches, , in the corresponding month (averaged in the quarterly models);
• number of unemployed at the beginning of the month, (averaged in the quarterly models);
• number of vacancies at the beginning of the month, (averaged in the quarterly models);
• ratio of registered unemployed receiving the unemployment benefits in the corresponding month, uvwv-(averaged in the quarterly models), to the total unemployed;
• ratio of the registered unemployed of age 50 and older in the corresponding quarter, ƒ"v50 , to the total number of unemployed people;
• ratio of the registered unemployed who have been unemployed for more than 12 months in the corresponding quarter, 5‰w" , to the total number of unemployed people;
• seasonal (quarterly) dummies for the 2 nd , 3 rd and 4 th quarter (‹ ( , ‹ ? , ‹ OE );
• monthly growth of the industrial production, Δ{|| , and quarterly growth of real gross domestic product, Δ•'| .
Subscripts denote a district and corresponds to the month or quarter. Moreover, to check the robustness of the results and to evaluate the possible changes in parameters and inefficiency terms, the estimates are based on a full sample of the years from 1999 to 2014, and on the sample covering both the pre-crisis period of 1999-2007 and the period of 2008-2014, respectively. The results will be used for finding the basic tendencies and distributional inefficiency changes among the districts.
As for the estimation techniques, parameter estimates were obtained by nonlinear optimization techniques in Matlab 2013b, applied on the log-likelihood of the models defined as the sum of marginal log-likelihoods from the equation (13). Standard deviation of the parameter estimates are based on inverted negative Hessian of log-likelihood evaluated at the maximal likelihood estimates. All first and second derivatives were computed numerically within the optimization procedure. The algorithm converged very well in all cases. 3 For computational purposes, the variance parameters were parameterised as log & ' 
Efficiency Estimates of the Czech Regional Labour Markets
Parameter estimates of the matching function and the inefficiency term for the Czech regional labour markets are presented in Table 1 and Table 2 . The models have been estimated using the monthly and quarterly data using both the full sample and restricted samples.
The results in Table 1 do not confirm the empirical findings presented by Ilmakunnas and Pesola (2003) who claim that with regional data it may be more likely to find increasing returns in matching. The Czech regional labour market proves the diminishing returns in matching. The elasticity of matches to vacancies, ( ) , is extremely low. It means that the vacancy creation is not a sufficient condition to diminish unemployment. This kind of conclusion may be justified by the hypothesis that new vacancies do not correspond to qualification structure of the unemployed. Using the full sample estimates, we reach the value of 0.109. It means that only 10 percent of new monthly vacancies may be matched with the unemployed. This effect is lower using the restricted sample estimates of the pre-crisis period. It seems that the economic slowdown that started at the end of 2009 led to a more efficient utilization of the unfilled vacancies. Estimated elasticity matching to the unemployed, ( ) , shows that approximately half of the new unemployed might be able to find a new job immediately. Comparison of the estimates of 0.569 and 0.522 in the pre-crisis and post-crisis period indicates modest changes in matching elasticity of unemployed. Unfortunately, these changes tend to worsen the matching conditions of regional labour markets. Inefficiency of the regional labour markets is strongly influenced by region (district) specific factors and common economic factors. The ratio of the registered unemployed receiving unemployment benefits has a positive impact on efficiency (i.e. it reduces inefficiency level) using the post-crisis and full sample data. The value of the corresponding parameter p qrsrt means that a ten-percent increase of the ratio of unemployed receiving benefits tends to lower the inefficiency by 3.3 percent for the full sample estimates (we can treat the inefficiency term of 1 as a sign of absolute inefficiency). This surprising result may be explained by stating that these unemployed people are mostly short-term unemployed who are willing to get themselves a job as soon as possible. This behaviour leads to increasing matching creation. As Table 1 suggests, this effect is prevailing in the period of economic slowdown, where the unemployed prefer getting a worse job rather than staying in the pool of the unemployed. It is clear that precrisis value of 0.024 suggests the opposite behaviour of the unemployed, which was caused by the fact that the labour market had not been so tight. Of course, the positive influence on inefficiency is not so evident.
The ratio of the registered unemployed of age 50 and older, δ ‡ "•--˜™ , and the ratio of the long-term unemployed, δ ‡ š›oe• , both have a negative effect on matching efficiency. Using the full sample data shows that the effect of the older unemployed prevails the effect of long-term unemployed. On the other hand, the estimates based on restricted samples indicate the changes of their relative strength. The predominant role of the older unemployed in the pre-crisis period was replaced by the increasing influence of the long-term unemployed. It is a logical outcome of the retirement process. The older unemployed in the pre-crisis period were leaving the labour market after the economic slowdown in 2008 (and consecutive years). The role of long-term unemployed was thus more important in the determining of labour markets inefficiency. Ten percent increase of ratio of the long-term unemployed may cause 17 percent (0.17) rise in inefficiency.
As for the parameters of economic activity, δ xŸ•• and δ xŸ•• }~, we can see that the marginal effects of the monthly growths of industrial production in the last two periods diminish the matching inefficiency. Positive economic development supports the vacancies creation and lowers the unemployment inflows. These vacancies can be filled immediately. The structure of the skills of the unemployed registered at the employment office seems to be not a problem at the regional level. As pointed out by Polasek and Sellner (2013) , the economic growth may be inducted by many other factors connected to openness of the Czech economy.
The inefficiency within the year tends to be accompanied by important seasonal patterns, especially by a positive effect on the matching function outcomes in the second quarters. Quarterly dummies show a substantial jump in the last quarter of the year (compared with the first quarter). difference, higher influence of the GDP growth on the inefficiency term can be observed. Moreover, the lagged GDP growth contributes to diminishing inefficiency with a remarkable extent. This property could not be detected using the monthly data only.
Compensating changes in the parameter at seasonal dummy, p Š • , can be viewed as other consequences of the GDP growth effects. The long-term and the older unemployed influence the inefficiency in a more balanced way. There is a surprisingly negative effect of the long-term unemployed on the inefficiency in the period from 1999 to 2007. Unemployment rate declined (see Figure 1 ) and the labour market experienced an extremely low tightness. As a result, for people who have been unemployed for a long time, but are younger, finding a job was easier than for the older ones. This explanation may be proved by the estimates mentioned above. Estimated distribution of the monthly inefficiency among the Czech districts is depicted in Figure 2 . The presented interquartile range of inefficiency terms distributions for all 77 districts is based on the estimates using the full sample period. Minimum inefficiency values for each district (which are not presented here) are almost zero for all investigated labour markets. All investigated districts thus can match the unemployed with the vacancies at the full rate. Of course, it is often caused by seasonal factors in the second quarter of the year. There are some districts with exceptionally good efficiency of matching (e.g. Praha, Benešov, Trutnov or Jablonec nad Nisou) and some districts showing bad efficiency performance (e.g. Jeseník, Znojmo or Bruntál).
It may be surprising that districts such as Karviná or Ústí nad Labem are among the well performing districts, and it is necessary to say that the two districts are not to be classified to come from regions with low unemployment properties. But, it should be stressed that low inefficiency does not automatically mean low unemployment. It expresses the potential for new created matches which can be constituted by the interaction between unemployed and available vacancies.
From this point of view, these results imply that the potential of labour market is utilized quite well. There may be an appropriate structure of unemployed people and vacancies, unobserved characteristics of the unemployed support their willingness to actively search for a job, and finally, the surrounding regions may offer other possibilities for employing unemployed job applicants (this spatial dependency is not implemented in estimated models so far). The unfavourable efficiency outcomes of the Jeseník, Znojmo or Bruntál districts may be thus explained in a similar way. Figure 3 . Figure 4 and Figure 5 . The revealed tendencies are almost the same for the monthly and quarterly estimates.
Similar inefficiency patterns may be found in quarterly estimates which are presented in

Quarterly estimates show sharper disparities in inefficiency distribution. The best way to illustrate the development of the labour market inefficiency and its variability is to compute the yearly averages for each district. These aggregated results are presented in
In the period from 1999 to 2007, the Czech regional labour markets may be described as labour markets with rising inefficiency patterns and rising heterogeneity among them. These tendencies are more significant when monthly estimates are used (see Figure 4) . When looking at the development of unemployment rate in the Czech Republic, one cannot conclude that rising inefficiency tends is accompanied by higher unemployment. The increase before 2007 is a result of very low tightness at the Czech labour market. The overall positive economic conditions made it problematic for companies to find appropriate workforce. The structure of unfilled vacancies could not match the structure of the unemployed. 2008 and 2009 are connected with the beginning of the global financial crisis and worldwide economic slowdown. This exogenous shock forced firms to think about their employment policies. Facing the uncertainty of expected length and amplitude of the economic slowdown, they were not willing to dismiss their employees immediately. Instead of that they reduced their vacancy creation. Available stock of vacancies was thus reduced. From this point of view, successful matches operate closer to production frontier (in comparison with the precedent years). The years from 2010 to 2012 reversed the positive efficiency patterns of the matching process due to prevailing economic uncertainty. Table 3 and Table 4 show the changes in the inefficiency of Czech labour market in a more compact way. Presented standard deviations illustrate the overall rise of inefficiency disparities among the Czech districts. Source: Own calculations.
The differences across the regions were rising since 1999. We can observe some differences in the results depending on the time frequency of the model. But the basic tendencies are very similar. These results do not indicate that the estimated labour market inefficiency may rise during periods of recession and recovery while it decreases during the economic booms. Regarding the fact that Gorter et al. (1997) used annual data, it should be noted that this contradiction is not conclusive. Table 5 and Table 6 contain a detailed view on average inefficiency estimates for all Czech districts. The aggregate regional inefficiency changes are presented in a straightforward way. All investigated districts have experienced the rise in their inefficiency. A comparison of the inefficiency estimates to the unemployment rates does not confirm a direct connection between unemployment rate and inefficiency of the matching process.
In the introductory section of this paper, regional unemployment rates for selected districts and their changes have been mentioned. As an example, let us take a look at the districts of Domažlice and Most. Unemployment rate in the Domažlice district reached 5.37 percent in 2005 and 6.42 percent in 2013. Average inefficiency rose from 0.258 to 0.385 when using the monthly estimates and from 0.175 to 0.361 when using the more distinctive quarterly data. Unemployment rate in the Most district was 16.49 percent in 2005 and 13.51 percent in 2013. Average inefficiency increased from 0.219 to 0.300 when using the monthly estimates, and from 0.251 to 0.366 when using the quarterly data. Low matching inefficiency does not lead to lower unemployment automatically. Its dynamics may only help to improve the tendencies of unemployment dynamics. Bad news is that regions with relatively satisfactory matching inefficiency and high unemployment rate cannot improve their performance through the factors influencing the effective matching process. Overall economic growth or diminishing ratio of long-term unemployed would have only a little effect on the matching experience there.
Conclusion
This paper presented an alternative approach to measure the efficiency of the matching process on the Czech regional labour markets. Obtained results show that the stochastic frontier model approach is able to capture some interesting patterns of these labour markets controlling individual fixed effects of examined districts and possible timevarying changes in the inefficiency terms. The model estimates uses full sample displays increasing tendency of matching inefficiency in all districts with strong seasonal patterns. These tendencies are accompanied by rising disparities among the regions although low inefficiency does not necessary mean low unemployment in the investigated districts. The differences across the regions were rising since 1999. Surprisingly, the estimated labour market inefficiency does not indicate that it may rise during the recession and recovery period while it decreases during the economic booms.
In the period from 1999 to 2007, the Czech regional labour markets may be described as labour markets with rising inefficiency patterns and rising heterogeneity among them. The increase before 2007 was a result of very low tightness at the Czech labour market. The structure of unfilled vacancies could not match the structure of the unemployed. 2008 and 2009 are connected with the beginning of economic slowdown. Firms were not willing to dismiss their employee immediately. Instead of that they reduced their vacancy creation. The successful matches operated closer to the production frontier. From 2010 to 2012, the positive efficiency patterns of the matching process reversed due to prevailing economic uncertainty.
Matching function of the Czech regional labour markets may be characterized by diminishing returns in matching. The elasticity of matching to vacancies is extremely low within the whole period of 1999-2014. These results are similar to those presented by Galuščák and Münich (2007) or Münich et al. (1999) . Empirical findings presented by Ilmakunnas and Pesola (2003) that with regional data it may be more likely to find increasing returns in matching are not confirmed in the case of the Czech Republic. Moreover, it means that the vacancy creation is not a sufficient condition to diminish unemployment. The main reason for that is that new vacancies do not correspond to the qualification structure of the unemployed.
Inefficiency of the regional labour markets is strongly influenced by district specific factors and common economic factors. The ratio of the registered unemployed receiving the unemployment benefits has a positive impact on efficiency. It seems that that these unemployed people are mostly short-term unemployed who are willing to find themselves a job as soon as possible. The main sources of inefficiency may be connected with the ratio of the unemployed in the age of 50 and older, and with the ratio of the long-term unemployed. In the pre-crisis period, older unemployed people were actually leaving the labour market after the economic slowdown in 2008 (and consecutive years). In determining of labour markets inefficiency, the role of the long-term unemployed was thus more important. All regional labour markets were able to operate at their matching function frontiers due to seasonal factors.
Some key results may be found when taking advantage of the estimates of the matching inefficiency using the pre-crisis data (prior to 2008) and the data covering the period of global economic slowdown that started in 2008. Overall matching efficiency is lower during the period of economic slowdown. As pointed out by Ilmakunnas and Pesola (2003) , this conclusion has strong policy implications: supporting job creation through new vacancies is less efficient in the period of economic recession. Unfortunately, regions with relatively satisfactory matching inefficiency and high unemployment rate cannot improve their performance through factors influencing the effective matching process. Overall economic growth or diminishing ratio of the long-term unemployed has little effect on the matching experience there.
It will be of great importance in further research to focus on model outcomes using the aggregate yearly data that allow including more region-specific variables. Münich et al. (1999) suggested that TRANSLOG matching function be used as an alternative to the standard Cobb-Douglas specification. Moreover, spatial properties of labour markets dynamics should be investigated, i.e. efficiency terms should incorporate the influence of neighbouring districts. This kind of model enhancements could provide us with more detailed and precise view of the sources of labour market efficiency.
